ggg ninth aspen emphysema conference 

to the dust and fumes of a large foundry (Groups 3 and 4). The 
highest prevalence of bronchitis was among the men with silicosis. 

As in previous studies, the adverse effect of cigarette smoking 
is well demonstrated, with a marked increase in prevalence in the 

moderate and heavy smokers. _ . 

The spirogram shows the expected decline with age m all 
parameters of ventilation. The presence of bronchitis did not 
result in any greater decay in ventilation over the 6-year penod, 
although the bronchitic men initially had a lower mean value in 

most cases. # , Iff 

I might anticipate some of the discussion of this paper by 
pointing out differences between this study and some of those 
reported from England. For the most part, the English worker 
lives near his place of employment and is, therefore, subjected 
throughout 24 hours of the day to much the same environmental jj 
pollution, whereas most of the Detroit group have cars and live ih|| 
areas remote from the plant and may therefore be exposed to 
significant air pollution only during the working day of 8-10 hours|j 
Furthermore, the English studies are mainly composed of hom<hg' 
geneous ethnic groups, whereas the Detroit group is composed of 
many racial strains including Negroes, European immigrants, and ^ 
American-born whites. For these reasons, it is difficult to make any jj 
direct comparisons between English studies and this study frgg||l 

Detroit. "-Jill 

In conclusion, we would again emphasize the importance ot not ^ j 

transferring the findings in specially selected population grojjfa 

to the general population. 




Benjamin Burrows, M.D. 
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related. Also, when data on 175 Chicago patients were subjected 
to a multiple factor analysis, the first factor picked out by computer 
contained the features of the type A patient, and the second factor 
contained features of the type B, as shown in the following table. 

RESULTS OF MULTIPLE FACTOR ANALYSIS 


Factor 1 

Little sputum 

Mucoid sputum 

Large total lung capacity 

Normal arterial C0 2 

Small cardiac shadow 

Low diffusing capacity 

Quiet chest 

Normal serum globulin 

Underweight 

X-ray emphysema 


Factor 2 

Copious sputum 

Purulent sputum 

Small total lung capacity 

High arterial C0 2 

Large cardiac shadow 

Normal diffusing capacity 

Noisy chest 

High* serum globulin 

Normal weight 

X-ray “inflammatory change 


Severity of expiratory slowing and of dyspnea was positively 
correlated with both factors. Although this does not prove the 
existence of the two syndromes, it has advantages over hand group- 
ing of the data in removing bias and allowing a greater number 
of parameters to be examined simultaneously. It is of interest that 
a high serum globulin and noisy chest were associated with type Bo 
features, while weight loss was associated with type A. Alsoj 
typical patterns of either type were associated with more severe 
degrees of expiratory slowing and dyspnea. 


Clinico-Pathological Studies 

It took somewhat longer to demonstrate that these two types jjj 
disease occurred in patients with different anatomical alteratiojrj; 

in their lungs. _ 

As already reported in more detail, 10 32 lungs (15 from London i 
and 17 from Chicago) were obtained from patients who were ^ 
enrolled in prospective clinical studies in the two countries sna Ij 
were fixed in distension. These patients had all been S I||M 
during a stable stage in their disease between 6 months jgjjjjg| 
years prior to death. In most cases, the last research evaluation 
was within 18 months of demise. When more than one suty 
evaluation was available for a single patient, average vahies were 
used in the analysis. Data obtained during exacerbatioi^^^ 
ease and during the terminal illness were excluded. Lungs 
graded for severity of emphysema on a 0-18 scale by 
Heard and J.S. Wootliff, pathologists at Hammersmith 
in London. They had no knowledge of the correspondinp£|||^ 
or physiological data. 
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Table l.- Two digtinct ^ 


Examination 


Type A 


Often radiological evi- 
dence of emphysema. 


Pulmonary overdisten- 

Breath-holding diffusing 
capacity. ** 

Chronic hypercapnia .... 


Usually scanty and 
mucoid. 

Usually marked . . . , 


U ducS marked,yre - 

Uncommon 


Uncommon 
Rare 


TypeB 


Often radiological evi- 
dence of inflamma- 
tory disease. 

Usually >io ml. /day 

Often BllhV ""’® 1 
°wTw. orm,y 

Common when expira- 

I'r t s 0 q ?en 1 r ingSeVerc - 

Occasional. 


There was no significant 
anatomical emphysema in ^ lhe of 

grades were 5.9 and 6 . 0> respectively k 1 ?" 8S; the mean 

the pooled series showed significant as ' Seen in table 2 > 

of anatomical emphysema and various' betwea n the extent 
<lata. Radiological emphysema was f ,i nica and Physiological 
10 or more units of anatomLT eJ T* ^ “ patirate with 
of 10 such patients. Sputum productLTT^-f ° CCUrred ■« 6 
■sties were almost as useful in predict^ dlffusinf? cbara cter- 
emphysema. The total lung capacity lT erily ° f “domical 
significant overall correlation hlcb had on ly a questionably 

patients with 5 units or ] Paa ’ was ,ess than predicted in 7 of 10 

I 6 22 Patients w h more but in o n ! 

: predicted. em P b ysematous iungs was it less thZ 

f tension is particular!^ striking ' T* e “ physema to carbon dioxide 

H 2*«» *- sssrrssfs! -~s 

forger g roup of patientgll from data on 

were 

* is mques * An example of such 


mm 


Predicted emphysema = 7.8-3 , , /E> „ 


deviation from predicted arterial co 2 t ensign 
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UNITS OF EMPHYSEMA 

Figure 1. Anatomical emphysema versus deviation from predicted V< 

where S is 1 if more than 10 ml ; ri| 

S is 0 if there are lesser volumes, K is ' . . t) 

fog cal emphysema, R is 0 without this X-ray flnduuj i and V n. 
deviation from predicted Pco 2 expressed m mm. h K U«.« 
equation, predicted and observed emphysema had 
coefficient of 0.85 in the present study. , t0 

Since this type of equation is not readily applmab 
practice, some relatively simple cntena have been 
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patients 

following- table listing our criteria for . preaented in the 

SS^ ob “ n — SB 

Type A disease 

(Sevei e emphysema — “emphysematous type” ) • 

• aaiasr- — - — — 


capacity^ofthe dffl h P erCapnia ’ the «*»»d total lung 

B patients. Preserved diffuang capacity characteristic of type 

Type B disease 

(Absence of or mild emphysema~“bronchial type”) ■ 

I - - — ■ 

tenSWn 6 millimetWS « *<" the levs, predicted from 

{ ring D parenchyma! denCe ° f Chr ° ni ' Ma ~r disease in the 
4. Total lung capacity less than predicted. 

f : “ — 

Type X disease (indeterminate) : 

Jjtanure to fulfill criteria for either type A or B. 

I ^ eai f r 

> m The^ ; rrr d ? r =a - “ 

-d B, and Z In^ZlZl ZfrT^ in types A 

H emphysema. However anatom^T? a ° mtermediate grade 
fatitative. Dr Heard could *fT dls tmctions are only quan- 

1. » i <» we ».„ M 

^riiificant negative correlation "** a ' ower order but still 

i^» d ™Li^ZttZ* betw< * n neht ventricu,ar ‘»ick. 

I h o e „SoTch inff tab, °' , We ClaSSifi,;d the 100 

I'Ondon-t.hicago study as types A and B 
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Table 2 . — Correlations with grade of anatomical emphysema 


Grade of emphysema 


Radiological emphysema 

Consistently >10 milliliters of sputum a day 

Arterial carbon dioxide tension 

Breath-holding diffusing capacity 1 

Radiological “inflammatory” change 

Chronic congestive heart failure . . 

Total lung capacity (percent predicted) 


1 Expressed as diffusing capacity per liter of lung volume. 


Correlation 

coefficient Probability 



or X, and compared clinical courses of these groups. Over a 3-year 
period, patients in the two countries (England and the United 
States) died at nearly identical rates (about 9 percent a year), 
but in both countries, patients with type B disease (bronchial type) 
had a higher mortality than patients with other types of illness. 
This excess mortality appeared to be explained entirely by the 
higher C0 2 tensions of type B patients, both the severity of expir-J 
atory slowing and the degree of hypercapnia being important 
predictors of mortality. This prediction of mortality could not 
be improved by including other variables in the study. Except for , 
the differences in death rate, no meaningful differences in the 
courses of types A and B were noted. Serial changes in symptoms, 
clinical findings, and physiological tests were similar in the two 
groups. 


Ventilatory Mechanics and Mechanisms of CO 2 
Retention 

Additional studies were carried out in Chicago in an attempt to . 
explain the greater tendency toward carbon dioxide retention in j 
patients with the bronchial type B disease. (These studies 
now been reported in detail. 13 ) 

Some of the observations confirm the earlier work of Kahana, 1 
Gilbert, 15 and their colleagues and that of Park. 16 Studies to b 
presented may help tie together some of the features of the di|jj 
ent clinical syndromes just described. 

A group of 34 patients enrolled in a prospective study ojjj 
obstructive lung disease underwent ventilatory and lung mec. 
studies. Tests were performed with patients resting in a ! 
position. Pulmonary resistance and dynamic complia|jjjp 
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Ventilatory parameters Correlation 

— coefficient Probability 

Minute volume j " 

fit 38 

vStaf„S' physioI »^>^ad' S pace 7$ <.05 

| ,Ca '“ ,aMbra ““^ 

= *=? £ 
was correlated with Pco,, but the correct ■ ^ * S ' Mlnute volume 
was a closer relationship w" T as , not <*>■*• There 

space ventilation. However the actlonal Physiological dead 
volume and Peo 2 is even nmre s WW Fe 'f ° Mhip bet ween tidal 
■ fwtove correlation between respirator f there fa a s i*”Mcant 
1 tension. If one estimates anato S /L “ d Carb ° n dioxide 

" a correlation coefficient biw “ 175 mI - there 

dead space ventilation and Pco, WhenTb ‘° nal anatomica l 

account, the remainder of the nhvsfafa " ff 6ffect is taken into 
■* railed alveolar dead space in fable sf dead SPaCe ventiIa «on 

( Thus, hypercapnia appear fa be de™ ” 0 re,ati ™ship to 
shallow ventilatory pattern that non' te ™“ ed Primarily by a 
meal dead space ventilation T “ Cessltates a high fractional 
to C0 2 retentiorlhe remrfaL aCC b° Unt6d f ° r most of the 
' C0 2 production and a slightlv In f emg due to a sli ghtly 
hypercapneic patiente % ^ ° Vera11 minute ventila- 

a,s \ c,ose,y reIata d to 
'ess of the respiratory rat at wh ■ b W “ ^ ^^ant 
nd was evident even when sJt “7 ““ w as meas- 

f or wh - “ 
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Figure 2. Anatomical emphysema in groups distinguished by the criteria 

outlined in the text. 


considered. Differences between expiratory resistance of hyper- 
capneic and normocapneic patients were generally not significant, 
but this may have been due, at least in part, to problems in 
quantitation. In contrast, inspiratory resistance did tend to be 
higher in hypercapneic subjects (r + .44, P<.05). 

We then examined the relationship between evidences of type A jj 
or type B disease and mechanical properties of the lung. Each f 
patient received a score based on his diffusing capacity, lung ■ 
volume, and sputum characteristics but without regard to CCk y 
tension. The resultant A-B scores were then correlated 
mechanical properties of the lung and with CO, tension. There I 
was a highly significant correlation between A-B score and carbon 
dioxide level (f + .63, P<.001). Correlations with mecham ggp 
properties are shown in table 6. Patients with predomi ,y ; j 
type B features tended to have stifferjungs. They also tendeajgjg 
have higher inspiratory resistances (r -f .47, P<.05 be e ^g§jjw 
spiratory resistance and A-B score). However, there w J|j| 
correlation of expiratory resistance measurements and A >- J 

and examination of closed pressure-flow loops M fagi 
typical type A and type B patients failed to reveal 
their complex expiratory resistance characteristics. j^sST 
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Lung compliance 


Versus CO 2 tension 
Correlation 


Versus A-B score 
Correlation 


“Static".. 
At f = 20. 
At f = 100. 


“Static”.... 
At f = 20. . 
At f = 100. 
At resting/. 



Total lun 

J 

g compliance 

~ 

-.56 
- . 66 
-.58 
- .62 

<.01 

<.001 

<.001 

<.001 

-.68 

-.69 

-.47 

-.61 

<.001 

<.001 

<.01 

<-001 


Specific lun 

S compliance 


-.40 

-.54 

-.52 

-.53 

<.05 

<•01 

<.01 

<■01 

— .57 
-.51 
-.34 
A'- 43 

< .01 
<.01 
<.05 
<.05 


»t C ^™Z™Z r Z7tZr l0 T “ typical B patients 
percentile fall fn Sured comnH “ 3 ’ there was a similar 

frequency in both types of disfise < DW & mCreaslng respiratory 
>: apparent even when specific r ences In stl ffness were 
jd difference in compliance was not mp , h f nce was measured. The 
. M in lung size. P WaS not solel y a Unction of difference 

1 Discussion and Summary 

ll A) and bronchial pati ^ patients (*Pe 

§' - the elastic prop erty of thlfr^ ^ * related to fences 

■Hi e kfehly compliant luntrs of 1 

■latients, by allowing a deep ^low hre\b SS 7 em P h y se matous 
the ventilation wasted onTbe pattern ’ ma y min ‘ 

iAereby help maintain adequate a ™ dead s Pace and 

|, , the disease. This would tend to nre “ Ventllatlon until late in 

w ri deiay the d ~™ ^ 

1 bronchial 



NINTH ASPEN EMPHYSEMA CONFERENCE 


MEANS 


GROUP B- s~\ 


Figure 3. Mean total lung compliance (solid line) and *g|Jj 

pliance (broken line) in B patients noth ^ lowest A B scores | j 

and 7 patients with the highest A-B scores (Group «)•««« 
the most typical type A patients, and Group B contaa Jjgj 

type B patients. 
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pulmonale and^nSvrhe^t failure TlT ^ tiUiV I ncnt <)f «>r 
18 supported by the observation \h \ rhls . type wf mechanism 
low order negative correlation bet we ° n,y a rela,ive, y 

soma grade, but there is •» ., A " h( f trt WolJ?ht and cmphy- 

carbon dioxide tension and ’m-itomT ? effatl li ve corre,atio, i between 
- a dose correlation /" ^ there 
weight (r-f- . 56 ). Thus the •»«««•• *• dl °f lde tenS3on and heart- 
type B patients are likely to devdon T' 1 ' <>f find . ings sugPg * ests that 

capneic type B patients are in turn^hS’"^ f d ^ hyper - 
disease. n ’ hkelj to develop cardiac 

patients have a ^^sio^sUmittd^ nZ^'i that bronchial type R 
airways. The high Z»Z2r l ° r adjacent *o the 

frequent chronic productive couch 'ITL 0 - s . ucb patient3 > their 
emphysema would tend to suDnmV tv*** their ack of anat °mical 
the entity is related 0 ordh^ 'tw . T ° what extent 

Reid type of morpholo^^nJT^ bronchitis’; and to the 
reason, it seems preferable to dp«;f f ™ ains uncertain. For this 
rather than bronchitic in tvpe It*]* hese patients as bronchial 
jchymal inflammatory changes are ^ . that paren- 
pathogenesis of this type of diseaseTotlTh °f importance in <he 
, •£, * 

anatomical emphysema with con~e * xpI f 1 ? able entirely by their 
smaller airways, sC Z “e Tvr! '° 3S ° f support for the 
disease is likely to be increased h l" 4 ?".** 0 bronehia > 


^Us^reienUUs ttTuSnXT emphysema 

ble, though as yet unp«^ L/ZZ’ quite 

| may occur as a consequence of a DrimarM physe ™ atous changes 
m der ’ °r that both types of chinl? if bronchial type of dis- 
[factors. ypes o c ange may have common etiological 


««> *» 

iterations that may vary with th e o? “f “ nd P^ological 
* exacerbations. The fact that it ^ ft* dlS6ase and with 
1P> the most emphysematous net t r ^ P ° SsibIe to dis - 
itous patients does not imply that ther ^ l6aSt emphy - 

l ""*» 
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mild cases it is very frequently impossible to determine the nature 
of the underlying pathology from clinical and physiological fin - 

ings. 
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Six major manifestations of bronchitis and 
dyspnea, cyanosis, pulmonary hvpLtensin *** C °"* h ’ 
I heart failure. Whereas all of thpL t ' ’ P^ythemia, and 

none can be understood comnlptPl \ ^ * Physiological basis, 

i emerging from pulmonary function laboratorief * 

I mitnceptio Tm^wlZ h aSS ° dated <* rta “ *»»al 
: study of these diseases o f Th e « from the use, in the 

which, valuable asTt mav he ^disciplinary approach 

I Basic clinicalTbservat “ns tend ST* ^ dangerS as 

numerical data from thp nhvoi i ? submerged by the flood of 
It are unduly impressed by num^ ab o r atory, and some clinicians 
fcbserves that 0^1“^ physician 

1 ai ™ ay 
■Wutyin fl ue„LSXsi^S^m hit i’” he “ not be 

p disease is really emphysemf ' < T * ™ that the patient ’ s 

■indicates only aiT^ob^onTtd T 6aSed RV/TLC USUaI1 ^ 

§ • u ' DSt ructl0n and not necessarily emphysema ) 

! 

I ^«st be the main cause of thT* 7 °. bstl , uc ^ lon the clinicians insist 

E tssFir s 

^ N ° rtk AmeriC<l ^ ^ PUWi8bCd «* -- «»*»«. reported horo (Hs 


339 


